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<57) Abstract: A dispersion compensating optical fiber that does not cause a 
loss increase even if wound on a small reel and that has stabilized temperature 
characteristics. A dispersion compensating optical fiber is formed that, at at 
least one wavelength of 1.53 - 1.63 // m, has a bending loss of 5 dB/m or less 
for a bending diameter of 20 mm, a wavelength dispersion of -120 ps/nm/km or 
less, a cut-off wavelength of 1. 53 /imor less in the state of use, a clad outer 
diameter of 80 - 100 /i m, a coating outer diameter of 160-200 V m, and a coat- 
ing resin surface stickiness of 10 gf/mm or less. Set b/a at 1.5 - 3.5, c/b at 1.2 
- 2.0, a core radius at 4 - 8 /im, Al at +1.6% - +2.6%, A2at0.30%- 1.4%, 
and A 3 at 0.30% - +1.0%. Set the Young' s modulus of the primary coating 
layer at 0. 1 5 kgtfmm 2 or less and its thickness at 20 - 30 // m, and the Young* s 
modulus of the secondary coating layer at 50 k gf/mm 2 or more and its thickness 
at 15 - 30 Jim, 

(57) ^$5: /^S(Z)'J-;^^c##a^-et. a^ii^^i^ec * *\ 
»SLfca*«»**-r*»iifc*i«*^r-f /<*a«r*. i.53~ 

1.63//m<Dd>£:< t ilOfiLtOOaRftlcaSHT* ft(ftt&2Omm0>ttlf 
«5fc*<5dB/m&T, »g#fiW<-120ps/nrri/kinJUT. {JffltfeffiCO*^ 
;7»g#1.53//mJaT. 0=JV K*g*<80~100//nn »Smg*><160~ 
200 Jim. aa»a§S®^ttai4^10gf7mmJaTO)^ffi«3t^T-</< 
ho b/a£l.5~3.5. c/b£l.2-2.0. □7¥g*4-8/im, Al 
5+1.6%— +2.6%. A2£-0.30% — 1.4%. A 35-0.30%- +1.0% t 
l^®aB<7>-V>^50.15kgf/mm 2 WT. £20-30// nu 2&»S 
H<D-V>y^£50kgf/mm 2 )a±, Jf * 515-30// mi: "T So 
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(74) ttlA: iSfiiEa, tt(SHIGA,Masatake et ah); T 

169-8925 mmfs mmz sms«=T a 2 3 s 3 ^ 

O R tf Tokyo (JP). 

(81) (WW-- AU, CA, CN, RU, US. 

(84) &%m(&.®): 3 — a •y/<fttt : (AT,BE,BG ) CH,CY, 
CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, 
NL, PT, SE, SI, SK, TR). 
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— ¥%-7T<<'< (Standard Single Mode Fiber, J^T, Ts-SMFJ «b BfelS-T 
5 0 ) , t>L-<f*l. 5 5 m m«t» p s / n m / k m©ft*^tlr ft 5 ; V 

Y%7 7 4 (Non-Zero Dispersion Shifted Fiber, 1"N Z 

-DSFJ £rP&lE-r<5 0 ) ©««^«:«r*l«i-S^**t«3fe77-r/<K:BBU, 4* 

*fcBl^« 0^:S#fFttSm^ 2003-057013 2 0 0 2-0 6 9 

MiC^ii^i-t. ^aH4i^> H»$t*#flSc, ffift^-K^tS: (Polarization 
Mode Dispersion, J^T> TpMDj £B&lB-r6o ) AmMtftZo 

S-SMFffltt, 1ii:#tHcj£tfSo-CV>3, wW3fe77^^KB 
s/nm/km(OSIW4i:5, ^(Dtctb, Z. (D% ~7 7 << '< ^X^* 
5 0 S-SMFiHl. 5 5 m mf tft* W/h* /iNZ - D S F t 
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£<b^> iIfiSfi<Z>*l;M£#l>\ (Wavelength Division 

Multiplexing, ^T. fWDMj £0&fB-r-5 o ) Bxk<Dmm*&$> bft, 

*7Ff$iMiz-Rr> s tfs&3„ RDSit ^S^tic^^-rs^m^ d — -?<d\£ (R 

DS ; Relative Dispersion Slope) t^5 0 tft^tS:D, 5>ftSc^ a — ^£ S 

b-rz>b, RDSteTfest (l) (DJ: 5 ^^-T^ <b^-e#6o 

RD S = S/D ( 1 ) 

fc&i&T'm^ftm&'hz < -fz>t-#>\zn, mmmtft^T-( ^<D^.S:^mt f*^ 

3fe7 T^^^St^t^ 1 • 5 5 n m^X'ffim-tZ- 2 0 p s / n m/ k mi^T 

11-9505 6^^-c«, wimmtkzi&mvte&b, ftm^u-T'&i&mv. 

*?c, Wm^S - 1 3 6 7 5 8-5§-<£#^fi, ^IJC^ n — ^^W^-7-^.T% 

1 0 0 p s /nm/km^Tt L/t#Mif«ft^ T << £ 

#§|2p8 - 5 4 5 4 6-§-^^^{i, HI 2 0<t 9 ^^««at^^-r-5^^ 
td N -^:/^0. 1kg f /mm 2 KT© 1 JlSr^U r tf> 1 &3£?!JiO 

m^^^vm 1 5 0 k g f /mm 2 j£i_b<D a^^^ii^^i-s^^^^T-f '< 
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tf&ZtlX*3*>. :^if8- 5 4 5 4 6t»iWJ6l:li60^m^ 
leOjimtt*, "8 0. 0ps/nm/kmCll8»tW*77^< 

0 - 1 1 5 7 2 5 84*1**5* 8 8 7 , 1 0 4 

1 0-1 1 5 7 2 5-^i*fctt*B*tt»5, 8 8 7, 1 0 4*W»t©*« 
-W^tt^ 7 JX K0*&tf s 6 0 ix m~ 1 2 5 m m x *fc**V&a s 1 1 0 n m~ 2 5 0 n 
m, 1 0 5 p s/nm/kmil«^l«*77^^P 

^ 1 9 9 9 ^fe^*£ftffMft:*:*. 1999^3^250. il« 2. B - 1 3 

-4, p 5 8 5(lk ift*^*^- 1 0 2 p s/nm/km 1 1 0 p s/n 

m/ k m, ^75/ Kfl^a* 9 0 m m~ 1 2 5 /z m N fcfcfcfl^a* 1 5 0 m~ 1 8 
5 M m©»S»»i«*77 << U «ff Kl «fc *«**J0*5 ± t*!**©* 

jt77/f ^ i?a -yK'l 2 0 k rngg^e^Dt ^ 7 ^ 
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1 0- 1 1 5 7 2 5 f^*fcli*ir^I 5 , 8 8 7. 1 0 4«t 

|20 mm-e^fcit©*^*^ 5 d B/m^T, 1 2 0 p 

s/nm/kmJ^T. *Mfc«* » * 9 2 0 0 p s/nm/ 

3 ju mJ^T-efo tK * 7 y K*&# 80jum~100Mm, «EW^S* S 1 6 0 m 
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m~ 2 0 0 n mT-fe «9 > SiW^®^^ftt^ 1 0 g f /mmEimK £ 

fctK Wittf^^aift^feW:, 0 - 6 2 3 0 1 *5^T $ *l 

KKtt e>Hfc 1 0 . 15kgf/mm 2 KK'fc^ 12k 

*&|gJl£>J^£riS 2 0 ju m~ 3 0 jl* mt?*> «9 , - <0 1 &»*Ji <Z>*WSI-hl-B9:»* feH 
7c 2«Ii©i'yW 5 0 k g f /mm 2 «±tfc>), I^^MM^M- 
1 5 mhi~3 0 pm1?Ji)5:^*iit5d«ti«*77^<ti>5. 

t*ro5)Wi3t77^^^^-^'^^^^^ 1 " ;V|:Mt5 ^ 
i«Rrl!64^il[i«*77'f/<*^a«-/i/S:ffiv>ffi«ttS:ll«fL)!ciSfc^t5 - 
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+ 2. 6%, * 7 y Km^ti-s+M^TttioJfcJBJf****- o- 30 °/° — 1 - 

4%, ^ 7 y Kfc»t4 y y ^ = 7»OltS*f^ + 0 ■ 3 0%~+l. 0% 
-CfctK t'L^TWi^tStf^Ti^^l. 5-3. 5, 4>E3=< 

Ttt#s^*ti-5 u ^^^Tas^a^ifc* 5 1. 2-2. 0, 37^4^- 

fc* 7 3/ Kir Srtit*., * v y Vl l z%[1rZ>tp>b='T$$<DSfcm%T$zMfc+ 1 • 6 %~ 
+ 2. 6% x * 7 y KmSti-SfM^T'aJ^JtJB^f****- 0 . 30%— 1. 
4%-C*>«9x 4>i£?3T*»^SlC«"t"5«* , M = T*B^a©Jfc* s l • 5~3. 5, =" 



WO 03/076991 PCT/JP03/03004 

7 

0026nm- 1 ~0. 010 n m- 1 5 - t *<&W 1 

^Jt^T/h***^*-^*^* - *" 5-i*^*^*>^ *»Ol. 5 3Axm~l. 
5 7MmtJ3ft5RDSiS0. 0 0 2 6 nm- 1 ~0. 0 1 0 n m" 1 t? ft, 5 » . 
HittCi. 55/imtO. 0 0 3 4nm- , ORDS«:tt5S-SMF^ 1. 
5 5Mm»T!4p s /n m/k mtt*©ft*5H**r* U MftftRDSkU 
0. OOYnm" 1 -©. 0 1 O nm-^RD S Irf t5N Z -D S FfflHl L 

0026nm _1 ~0. 0041n m -1 ^'^ - £ £3#t§Sc £ i~"6 = 

^'M:-<T/^$^^^^-/^- J t^^•t-^^^^^^" e ^ ,9 ^ ^oRDS^o. 0 0 

26nm- 1 ~0. 0 O 4 1 n m" 1 T* fe S , Al^tO. 0 0 3 4 nm"^ 
RDSfttt5S-SMFfflSltfc»*i**77^/^*at5^^# 

<5 o 

0 0 2 2 nm-'~0. 0 1 0 n m" 1 & - t 1 1rZ> 0 

6 3 /xmJwdSttSRDSiSO. 0 0 2 2 nm- 1 ~0. 0 1 0 n m" 1 T? tb 5 * s 
ftifttl. 59 M mT'0. 0 0 2 9 nm- 1 ORDSSrtt5S-SMF^ 1- 
59 ,mfftp s/nm/kmlMeMU AfittftRDSirU 
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0. 0 0 5 nm" 1 - 0 . 0 1 0 n m" 1 (D R D S Sr^Ti" 5 N Z - D S F ffi L 
*«©»9Sjllfett«K:*ttS»Mr4, 1. 57p~l. 6 3 /zm^feS^tt 
0022nm~ 1 ~0. 0035 nm^t'fe^r^tf 

tcifc^-c/h***^*— r ^^pr^-efe 19 , ^01. 5 7 ^ m~ 1 . 

6 3MmlCfc(t5RDS^0. 00 22nm- 1 ~0. 0 0 3 5 nm _1 T*fc5fc 
& % AMftt-l . 5 9ymt'0. 0 0 2 9 nm" 1 ©RDSSrtt5S-SMFl 

El l 0ttRDSOj|45^tt»«*77^^e?>-/H:J: t) . S-SMF 1 



WO 03/076991 PCT/JP03/03004 

9 

mi HiRDS^/i^fii)fe77^^^-^^> S-SMF 1 
0 0 kma«»i«tfc^^»^t^77tfc5 0 

% 0J3 & lUife-T 5 fc * <» * & <7)?£fi 
mi (a) . (b) , (c) fc\ *««©»M«ft7T^«oBHr*»*» 
[HI (a) % (b) fc*SV^ fftlatt^Tft, «F*lbf4 + 0=T» 

IHl ( a ) N (b) , (c) t'L^T?Pla0ma> «t»M = T»lb 

o^#£b, py/37»ic©Wci:U * 9 y K 2 icSti"* HaT» 

1 a©tt;ffl«T*36«rA 1, K2KUtt5fH! = T«l b «>J*«*f**«r A 

2 , ^7-7 K2 ^Sfr-rS y i^=*7$B 1 c (Ditmiff^^ A 3 t LT^S. 

«li^fi«3677>f^©*lo«tt. Hi (c) l^t^^twl 
^P77^H:fc^, t -L^ 7«iS^lu»t 5 f TS^SWit b / a £ 1 . 
5-3. 5fcU +nB = T«iJ4 & Sfc«"f-5 y y^7Sli»Jkc/bSrl. 2 
~2. 0 £ 37^4 m m~8 /z m £ L, ^7*y K2HMf5H^7^ 
1 a*>jfcfl*f**A l«r+l. 6%~+2. 6%, ^7yK2(lWtf^7 

ni b<D\t®$tmm* 2*-o. 30% — 1. 4%, ^9yK2t#t*^ 

^ = T$B1 c<£>Jfc®iFr^A3&-0. 30%~+l. 0%fcU»l*SiltV> 
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te-fiJ^ioT^^tbSo -£<7)#t£lii£te, 1. 5 3 m m~ 1 . 6 3 n m^hm 

iftlf*^ 5 d B/m£lT, &A#tfc#- 1 2 0 p s / n m/ k m^T\ 
1S£:=!$fc «9 (DjgS^f(D|g^fI^ 2 0 0 p s /nm/ d B £A-h<7>ISB 9 . 
o^fflt5S^*5it)!«fflt5^it*©* 5> h*7afe**S 1 • 5 3m m£AT-C*> 
9 % * 9 V K*«* s 8 0 ix m~ 100m m, &®^7) s 160Mm~200Mm 
T'fo 9 , ^mmm^fm lOgf /mm^T, »tt<lil g f /mm 

If*** - 3 0 0 p s / n m/k mfil±8*#iOT«4«i-e 

*>0, m-fi^^^f^ 9 ott*^1R©l6»fl[r4e3l»3fe«>lt<cif* i 6> 5 o 0 P s/ 

nm/d BglltiSS^I^Iit'fcS. 

BlC2ftttai4aSM$tbtV^. l«li3<Dty«0. 15kgf 
/mm 2 ^TX&3^^*?*^o 2*«l40iT^*«5 Okg 

tit, 2**«»r±*7y^^»**iw*-J-afc»^*>*- 

k g f/mm^ii5^ ^^We77^^OTHitL^\ 

^jf(75^^i/^^5 Okg f /ram 2 *IX1t ^77^^©^^^ 
rfc*s-e#fcv\, i*bfc©|ttt#Jl<0**i: fc««U <7>ff£te2 0 

Mm- 3 O^mt'fot), 2«il^ff^ s l 5 m m~ 3 0 m mT?*> £. £ 
Li^-e, ^axferoBflfllfcsWa*-*-^ TIBS* (2) , (3) <D £ ? iZ-ftV) y 7 



WO 03/076991 PCT/JP03/03004 

11 

v^a r k uv^ 

0. 06X10-'SS,XE^1. 3 X 1 0 " 3 (2) 
0. 3 ^ S 2 X E 2 ^ 3 . 0 (3) 

s x (i i ik&mmvm&m [mm 2 ] , K.ai^mm^^^^m 

[k g f /mm 2 ] . S 2 « 2&$Mtf>I#f®^ [mm 2 ] , E 2 «2^^«H^ 
-^^^/^ [k g f /mm 2 ] "Cfc<5o 

^<7)^t!t1ti»^;7 T>T ^7^ K 2 <D^*S£r 80m m~ lOOjimil, 
l^ttlEMS £ 2&$?a«4 i«»?>4«*B^S*l 6 0 M m~ 2 OO^mtt 

^ 7 «y f? 2 <7)^^^ 10 0m m&j&;t3 <b , j&Sfcifc'Rff L «fc 9 

*?3&<*So — ^ 7 3/ K 2 <D^f ^ 8 0 /i m*it'f±> ^ 9 Kff* s 3* < * 

^6^5tS^t^ 2 O 0 /i m^li^f ^!-«^ ^(DSh^nizZ < ftv^o — 
UK mm^m^ 10gf /mm^T^ jf*KI±Uf /mmTOtS^t 

a*ttJ§**ba»**H (-5°c~+7o°o k:*8vnx, 
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*s± o . 5 d b j^t v> 9 Lfcii*^****^**** 7 r 4 

**S©^*««*7 7 >f ^<0* 2 0 1(a). (b) C^tWiffl 

Sri. 5-3. 5it, 37*1^4Mm~8 M mit, * ? * K 2 fcL*h*-* * 
t =.7»UOiba#f*iAlt+l. 6%~+2. 6%, ^?srK2K:#t5 
4.|B=«T»ibfl!>tt:JB*fMA2«r-0. 30% l. 4%fctt***nr 

*tf**#5dB/m»T, 20 p s/nm/km^T, *<fc 

7 5/ FWSO^m-l 0 0 Mm, 1 6 0 ju m~ 2 0 0 M mt?*>0, 

tt«»l!B*ai«>*!i*tt*S 1 0 g f/mmaT, #£L<fil g f/mn»Ti4 
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PMDl:o^^tlt ±Jfeb*:*l t»2©V^tL<0«^*3V>rfc, 0. 3ps 

S 0 PMD<D^^Sg«JPSf*^T^^ (4) t^fwi:^-e#5. 
B • PMD • V"L < 1 0 0 ( 4 ) 

:: -C% Bfctem&Jg [Gb/s] -C*&9> PMDttfiliR*— K^-Hk [ps/ 
Vkm] Ltt77^f/<* [km] T-fcSo $ tbS P MD <D\% 

i£S*«*>l*]-bfc£) ^^^Ufc^-a-. -C#SR!3<ft< L-C*5<&«a s *>3. 

*«M©^l!ti«ft7 7 ^©JS 3 ©«tt, Ell (a) , (b) ^-TWM® 

5-3. 5 U 37W4/im~8/imi:U ^7^'2C»t54 1 
^=aT*|Sl a©JtJB*f*S6Al«r+l. 6%~+2. 6%, ^7yK2i:*ft5 
tpM = r$|Sl bWJtJB^fsp^A 2S:-0. 30%— 1. 4 % £ L -CTgjfc £ tit 
VnSjJv £rcfi, Ell (c) i^tyymwi7n77^f/H^t, *'C> 
37»iW^f^TWMb/a?:l. 5-3. 5iU *M = 7 
g|5^^*j-rS D y/a7»W* c/b & 1 . 2-2. 0 £ ="7^ 
4 M m~8 fimt U ^7^ K2 t»tS«f *C?37»1 a (BJtSSrM* 1 2r + 
1. 6%-+2. 6%> h^Kl^-fSflW^Tttl bOttfltfr*** 2£ 

-0. 3 0% 1. 4%. ^ 5 y K 2 tSfiTt 5 y ^ ^ = 7» 1 c ©*ffl«f*8 

A 3&+0. 3 0%~+l. 0%£ tT^^tl-C^5o r. <7)#<J <D#ffc4S 



- 1 
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3/zm~l. 5 7 jim*&*R3*lfc^*< k t> 1 ofilJt©«*fc*V^-C, *tf 
j|S2 0mm-e^V^fct#^ft^fa^^5 d B/m^T, jftft^*^ - 1 2 0 p 
s/nm/km^T, <t{t*jteafc 9 «>ft*^tk«>lft#«»± 2 0 0 p s/nm/ 

3/im6JlT-e*>9. ^tk^o-^«r«ft»tk-e«ofc«*SO. 0 0 2 6 nm- l ~ 
0. 0 1 0 nm-^ifc^ ^7JX K^Ml^ 8 0 ju m~ 1 0 0 /x m, 1 
6 0jum~2 0 0 /i mT'fc5± 5 - ^ Trfc-So 

-/l^^HjUW-rSn^^Plti-efct), 55/imtO. 0 0 3 4 nm 

roRDS^tt5S-SMF^ 1. 5 5 M mft|i»RDSHT0. 0 
0 7 nm^-O . OlOnm-^RDS W5NZ-DS Fffi^abTb^* 

*i^^Wfi*7 7 ^^l4^]lt Ull (a) . (b) l^tWll 
tff^^P 77^/K:*5^-C, ^,L^T^^^3*F^T^#OJfcb / a 
4:1. 5~3. 5tL> 37*i*4Mm-8^mi:U K2l:Mt54" 
6=>795 1a(Z)JtB^iAl%+l. 6%~+2. 6%, 777K2tMtS 
4>Ffl^T*Pl b<Difc®tfr^A 2&-0. 30%— 1. 4%H«^t 
^7-cf*. Ell (c) (^t!)^^Wl^n77-i'/W^^T, + * 
nraJ^SteW-rS^MaTW^goifcb/a «rl. 5-3. 5fcU +M = 7 
SP^fUcM-rS y y^=>7Wi©ikc/b £ 1 . 2~2. Oil, 
4^m~8MmH, ^7? K 2 IC *N" 5 4» 'fr = T Ifll a <7)ttJBtWs£A 1 £ + 
1. 6%~+2. 6%, 777 ^fcSH-S+raaTflSl bOtkfitFf^A 24: 

-0. 3 0%- 1. 4%, ^ 9 y K 2 t»t5 y V ^ = 7tt 1 c ©JtfflW** 

A3&+0. 30%~+l. 0%£ LT7l«£*b-CV^ 0 ::<7>#iJ<7>#ifc*i 

7nm~l. 6 3#im36»b»iRS*tfc^*< * t> 1 o£lJb«>**fc:*^-C, * W 
||2 Ommt^fcHOltfllWS dB/mBT, *«^lk*«- 1 2 0 p 
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s/nm/kmWT. S§ 0 «>J£ft#«0*&*Mit # 2 0 0 p s/nm/ 

7 „m£iW9, ^*^B-^ , «:al[ft^*t?«ofcfl[*SO. 0 0 2 2 nm" 1 - 
0. 0 10 nm- 1 T*fe'9> K*M£# 8 0 /x m~ 1 0 0 ju m. 1 

6 0 ul m~ 2 0 0 Mm-CfeS«t5 l-i~<5 - £ T*£>3 0 

^Ol. 57/zm~l. 6 3MmlI*5lt5RDS^0. 0 0 2 2 n 
m-'-O. OlOnm-'t'fcSfcfe, 59^mt0. 0 0 2 9 n 

m-^RDS^tf^S-SMF^ 1. 5 9/jmStlps/nm/kmlll 

A»RDStUt0. 0 0 5 nm^-O . 010 
nm-'WRDSWSNZ-DSFfflCi Lfc^fcMlft ^ 7 ^fc^i" 3 

l ) 

VADft, MCVDS, PCVDfe4^0W^J:^ EH (b) «i 
5Wyn7 7^/^ Ell (c) Oi5fty^^##Wl^o77'f/l'^ 
«C*t«3t7r'1'^«rf^»i^^- :oi:*»Al, A 2, A3, b/a, c/b % 

(iifO. 0%) £ &&#=#-e$g3£L/c: 0 
fc*5. No. l^f«77^^t Jfctfc©fc«>fctt3fe©*7y K*«. 
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